In this paper, we study a prey-predator model with stage structure for predator and constant harvesting efforts of the prey and predator population. The existence and stability of interior equilibrium point are analyzed. The maximum profit problem is solved and optimal harvesting policy of present value of revenue is solved using Pontryagin's maximum principle. From the analysis, there exists a critical value of the efforts that maximizes the profit and the present value of the revenue and the equilibrium point is also remain stable. Finally, numerical examples are given.
Introduction
The prey-predator population model is one of the most popular models in mathematical ecology. The prey-predator model has been extended by many authors
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with attention to aspects of harvesting, time delay, stage structure, diffusion, and many more variations. Some reseachers have considered two stage, immature and mature, in the prey population or in the predator population, for examples in [1, 2, 3] . Prey-predator model with stage structure and harvesting has been investigated intesively in some perspective. In [4] , the prey population is classified in two sub population, immature and mature prey, with harvesting policy in maximum sustainable yield, while in [5] , the prey-predator model with stage structure and impulsive harvesting is considered. Some authors have considered the prey-predator population with stage structure and selective harvesting for prey, (for examples in [4, 6] ), selective harvesting for predator (for examples in [7, 8, 9, 10] ), and selective harvesting for adult prey and predator (for example in [11] ).
Based on the works of the authors above, we present a prey-predator model with stage structure for predator and constant efforts of harvesting for all populations (prey, immature predator, and mature predator). The objective of this paper is to study the effects of harvesting on the dynamic of prey-predator model. Besides that, for the model with constant efforts of harvesting we relate the stable equilibrium point to the maximum present value of a continuous time-stream of revenue by using Pontryagin's maximum principle.
The Prey-Predator Model with Stage Structure
The prey-predator model that we consider involves three populations (prey, immature predator, and mature predator). The model includes two predators with stage structure. In [6] , prey-predator model with stage structure in predator has been analyzed but different in some assumptions. The considered model is .   1   3  1  1  2  2  3  3   3   2  2  3  2  2  2   2   3  1  1  is the birth rate of predator population and 2  is the conversion rate from immature predator to mature predator.
We assume that the populations in the model are beneficial for human, therefore the populations are harvested. In this model, we assume the populations are harvested with constant efforts. The model (1) 
There are three non negative equilibrium points in model (3), namely T is given by 
Following the Routh-Hurwitz criteria [12] , the equilibrium point 3 T is asymptotically stable when 
Bionomic Equilibrium
The concept of bionomic equilibrium that integrates the biological equilibrium and the economic equilibrium has been considered in [13] . The biological equilibrium is found by solving
simultaneously. The economic equilibrium is reached when the total revenue from selling harvested biomass equals to the total cost of harvesting efforts.
We assume that the total cost are directly proportional to the fishing effort,
. Total revenue gained by selling (fish) catch is directly proportional to the yield,
represents the sustained yield function which has been considered in [14] . Further, the profit function is 
The bionomic equilibrium   
We assume that there exist a pair of efforts   
Optimal Harvesting Policy
The biological equilibrium is given by solving the simultaneous equations
. The economic equilibrium is said to achieved when the total revenue equals the total cost. The profit function is   3  3  2  2  1  1  3  3  3  3  2  2  2  2  1  1  1  1  3  2  1 , ,
The objective is to maximize the present value J of a continuous time-stream of revenues given by (   3  3  3  3  3  2  2  2  2  2  1  1  1  1 
. (6) The symbol  denotes the instantaneous annual rate of discount. We need to maximize J subject to the constraint equation (3) The necessary conditions for the control variables 1 E , 2 E , and 3 E to be optimum are 0
, and 0
. From the Hamiltonian equation (7), we have 
From the Pontryagin's maximum principle (8), (9), and (10) and then solving them simultaneously, we get 1 E , 2 E , and 3 E , where 3  2  2  3  2  3  2  2  3  2  3  2  3  2  3  2  2  3  2  2  3  2  2  3  2  2   3  2  2  3  3  2  3  3  2  3  2  2  2  2  2  2  2  2  2  3  3 3  2  1  3  3  2  1  3  2  1  3  3  2  1  3  2  3  3  2  1  3  2  3  3  2  1   3  2  3  2  1  2  2  3  2  1  1  3  2  1  1  3  2  3  1  2  3  2  3  2  1  1   2  3  2  1  3  2  3  2  1  3  3  3  3  3  3  3  3  2  3  2 
By substituting (12) , and (13) 
The profit function associates with the equilibrium point 3 T is given by 
